Summary 23
The O-antigen is a highly diverse structure expressed on the outer surface of Gram-24 negative bacteria. The products responsible for O-antigen synthesis are encoded in the 25 wbe region, which exhibits extensive genetic diversity. While heterogeneous O-antigens 26 are observed within Vibrio species, characterization of these structures has been devoted 27 almost exclusively to pathogens. Here, we investigate O-antigen diversity among coastal 28 marine Vibrio splendidus-like isolates. The wbe region was first identified and 29 characterized using the sequenced genomes of strains LGP32, 12B01, and Med222. 30
These regions were genetically diverse, reflective of their expressed O-antigen. 31
Additional isolates from physically distinct habitats in Plum Island Estuary (MA, USA), 32 including within animal hosts and on suspended particles, were further characterized 33 based on multilocus sequence analysis (MLSA) and O-antigen profiles. Results showed 34 serotype diversity within an ecological setting. Among 48 isolates which were identical 35 in three MLSA genes, 41 showed gpm genetic diversity, a gene closely linked to the wbe 36 locus, and at least 12 expressed different O-antigen profiles further suggesting wbe 37 7 Stroeher et al., 1998). Among annotated vibrios, the gmhD ORF has been shown to have 115 strong linkage to the wbe region (Stroeher et al., 1998). Initially using gmhD as a guide, 116
we identified the wbe regions in LGP32, 12B01, and Med222. For each strain, this locus 117 was found on the larger of two chromosomes, which contains core loci involved in 118 cellular processing, signaling, and metabolism (Le Roux et al., 2009). The wbe regions 119 differ in size between strains by almost 20 kb: the 12B01 wbe is the largest at 54.4 kb, 120
Med222 is 43 kb, and LGP32 is 37 kb. Although the ORFs within these regions have 121 predicted functions in the synthesis, linkage, and modification of sugars, the wide range 122 in size is largely due to non-homologous wbe gene content between strains (Figure 1a) . 123
While pairwise comparisons of ORFs flanking the wbe region were highly conserved, 124 many ORFs within our predicted wbe region were non-homologous with respect to each 125 region suggesting gain and/or loss through lateral gene transfer and further supporting our 126 identification of each wbe coding region. 127
Homologous ORFs were identified within the wbe region between strains with 128
LGP32 as a reference (Table 1) . Separate analyses were conducted using 12B01 or 129
Med222 as the reference (Tables S1 and S2 ). Three gene groups show similarity among 130 the strains (indicated by gray shading in Figure 1a ; also refer to Table 1 ). The first group 131 (I) is represented in LGP32 as ORFs labeled 1-7. Group I ORFs, which include the gmhD 132 gene required in LPS synthesis (see above) were found in all three strains, suggesting 133 conserved functions among these strains. Other predicted Group I gene products include 134 a regulator and a transferase. Given their conserved location relative to gmdH, these may 135 be involved in assembling heptose into core, which was found in LPS from all three 136 strains ( suggesting a duplication event or two independent transfers. The predicted functions of 144 these genes are involved in the glucose and rhamnose synthesis pathways, which we 145 verified to be incorporated into the O-antigen of each strain (Table 2) To address whether the differences in O-antigen profiles could be attributed to the 178 inclusion of monosaccharides unique to each strain, the glycosyl residues belonging to 179 the LGP32, 12B01 and Med222 O-antigens were determined through combined gas 180 chromatography and mass spectrometry (Merkle and Poppe, 1994). For all strains, we 181 were able to identify monosaccharides common to the LPS core (heptose and glucose), 182
and those typically included in the O-antigen (galactose, rhamnose and ribose) ( Table 2) (Table S3), including  199 zooplankton, crabs, and mussels (Pacocha, et al. 2010 ) to investigate serotype diversity. 200
As an estimate of overall relatedness of these 114 strains, concatenated nucleotide 201 sequences of the adk, hsp60, and mdh housekeeping genes were used for MLSA and a 202 maximum likelihood tree was generated ( Figure 2a and ST 12 (n=23) were isolated from multiple habitats including crabs, mussels, and 221 zooplankton while ST 243 (n=13) originated from one individual crab. Silver staining 222 was used to examine serotype diversity among isolates belonging to each ST (Figure 3) . 223
For ST 243 we observed no differences in O-antigen banding patterns (Figure 3a we observed a ~6-fold increase in divergence of gpm coding sequence (4.6%), compared 239 to MLSA divergence (0.81%) among our environmental strains (Table S4) . Furthermore, 240 81 unique STs were observed among the sample set using gpm sequence analysis while 241 only 37 unique STs were identified based on adk, hsp60 and mdh alone. 242
Using an approach similar to our initial MSLA with the adk, hsp60 and mdh 243 genes, we generated a gpm-based maximum likelihood tree as a means to infer strain 244 relatedness with respect to wbe (Figure 2b ). Compared to the MLSA generated tree, the 245 gpm gene tree exhibits longer branch lengths as a result of increased gpm nucleotide 246 change. More importantly, the topology of the gpm tree (Figure 2b then gpm gene sequences may be identical. For instance, a group of six strains from crab 312 specimen 7 were identical based on gpm gene analysis (Figure 2b) . It was expected that 313 these were clonal isolates because all were of ST 12 based on MLSA; however, the O-314 antigen profiles among these strains differ. For example, 9CHC127, 9CHC133, and 315 9CS146 show one profile, while 9CSC139, 9CSC158, 9CS151 show another (Figure 3d  316 and e). This is also seen with (1) 9CS134 and CS126 and (2) 9CS24 and 9MG29 which 317 have the same gpm sequence but dissimilar O-antigen profiles. These results suggest that 318
LGT occurred within the wbe region without involving the gpm gene. Furthermore, we 319 would predict that genetic diversity of genes surrounding the wbe region would decrease 320 with distance from the wbe locus if this region is under strong selection. 
Experimental Procedures 333

Strain Isolation and Growth Media. 334
Water samples and invertebrates were collected from Plum Island Sound Estuary, 335
Ipswich, MA in the spring and fall of 2008 as described in (Preheim et al., submitted) . 336
Briefly, seawater samples were collected at high tide in 4 L bottles from the shore. 337 Zooplankton was isolated by filtering 100 L of seawater through a 64 m mesh net. 338
Samples were rinsed three times with sterile seawater, washed into a 50 ml conical tube 339 and kept at ambient temperature in the dark until processing ~2 hours later. Living and 340 dead zooplankton were differentiated by eye under a dissecting microscope based on 341 movement and 10-140 individuals of each category were picked from each 100 L 342 concentrate. Collections also included four male green crabs (Carcinus maenas); eight 343 male and four female shore crabs (Hemigrapsus sanguineus; and sixteen blue mussels 344 (Mytilus edulis). All animals were washed with sterile seawater and placed in a whirl 345 pack and cooler until processing. For crabs, gill (one brachia), stomach (entire tissue) 346 and hindgut (~4 cm beginning with anus) were collected following stunning prior to 347 dissection (no anesthesia). For mussels, approximately 1.5 cm 2 of gill and hindgut 348 (including the anus) tissue was collected. For both crabs and mussels, gastrointestinal (GI) 349 contents were collected by flushing tissue with 4 ml sterile seawater with a syringe. from either crabs, mussels, or zooplankton show similar and different O-antigen profiles. 573
Strains were isolated from different individual hosts as indicated by numbers and strains 574 nomenclature, as described in Figure 2 . 575
